decay, we examine constrained supersymmetry contributions to relevant branching ratios, direct CP violations and ratios of D induced by c → uℓ + ℓ − flavour changing neutral current (FCNC). Unlike K and B systems, the short distance (SD) contributions to charmed-meson FCNC processes are highly suppressed due to the stronger GIM mechanism and weaker quark mass enhancements in the loops. Therefore, these rare decays definitely could be good candidates to probe new physics (NP) effects. Since the values in the SM are hardly reachable at present D factories, if any exotic event is found, it must be a strong evidence for NP. Many extensions of the SM, such as supersymmetric models with R-parity violation or models involving a fourth quark generation, introduce additional diagrams that a priori need not be suppressed in the same manner as the SM contributions [1] [2] [3] [4] [5] [6] [7] .
In the following, we will concentrate on D
decays in the minimal supersymmetric standard model (MSSM) with and without R-parity.
Using the strong constraints on relevant supersymmetric parameters from D 0 −D 0 mixing and 
− decay rates. These two kinds of quantities are very sensitive to both moduli and phases of relevant supersymmetric parameters. We find that the LD SM effects on all branching ratios except B(
exceed the largest RPV contributions, but for the direct CP violations of D
the RPV and RPC contributions could be totally over the SM LD ones. 
where four-fermion operators are
with F µν is the electromagnetic field strength, while q L(R) = 1 2
(1 − (+)γ 5 )q is the left(right)-handed quark field. The RPC and RPV MSSM effects are including in the Wilson coefficients corresponding to the D → P ℓ + ℓ − decay via
and the Wilson coefficients are taken at the scale µ = m c .
In the SM, the expressions of the corresponding Wilson coefficients C
SM i
can be found in
Refs. [5, 10, 11] . In the MSSM without R-parity, the c → uℓ + ℓ − process is mediated by the tree-level exchange of down squarks [6, 7] . The relevant Wilson coefficients C
Rp i
are
whereλ Very often in the literature (see e.g. [13] [14] [15] [16] [17] ), one neglects the difference between λ ′ andλ ′ , based on the fact that diagonal elements of the CKM matrix dominate over nondiagonal ones.
In the MSSM with R-parity, the gluino-squark exchange coupling give dominant contributions to these decays. Within the context of the MI approximation [18, 19] , allowing for only one insertion, the relevant Wilson coefficients from the gluino-squark exchange couplings are
[5]
where
q and the functions P ijk (u) are defined as
C ′g 7 and C ′g 9 are determined by the expressions of Cg 7 and Cg 9 with the replacement L ↔ R, respectively.
The decay amplitudes including the SD contribution for D → P ℓ + ℓ − decays can be written as follows
and the form factor f + (q 2 ) is defined by [20] 
with the approximation s(q
Using the formulae presented above, we give formulas for the dilepton invariant mass spectra
with s ≡ q 2 .
For the long distance (LD) contributions to the D
Refs. [7, 21] , the long distance contributions can be written by the replacements C 9 → C 9 +C LD .
For [22] and a φ = 1.23 ± 0.05 [21] . For D
a ρ = 6.97 × 10 −9 [7] and a φ = 0.49 ± 0.05 [21] . In addition, δ φ = 0 will be used in our analyses.
From Eq. (9), one can obtain the differential direct CP violation [21, 23] 
the direct CP violation [21, 23 ]
and the ratio of decay branching ratios of D → P ℓ + ℓ − into dimuons over dielectrons [24] 
The leptonic decay
The vector leptonic operatorlγ µ ℓ does not contribute for on-shell leptons as p
The SM SD contributions in [6, [26] [27] [28] , while taking into the LD contributions, the branching ratio can reach a level of 10 −13 [6, 26, 27] .
is of order 10 −23 [6] , which
. These smallness of the SM signal makes it easier for NP contributions to stand out.
In the RPV MSSM, the coefficient B
In the RPC MSSM, the squark-gluino contribution to the pure leptonic D decays [6, 8] 
The double MI is required to induce a helicity flip in the squark propagator. Noted that the chargino contribution to the Z penguin for D → ℓ + ℓ − also contains a double MI. Due to the double MI, these contributions to D → ℓ + ℓ − is completely negligible, and we will not examine
Numerical results and analyses
With the formulae presented in previous section, we are ready to perform our numerical analysis.
When we study the effects due to the MSSM with and without R-parity, we consider only one new coupling at one time, neglecting the interferences between different new couplings, but keeping their interferences with the SM amplitude. The input parameters are collected in the Appendix. The experimental upper limits at 90% confidence level (CL) [29] [30] [31] are listed in the second column of Tab. 1. and the SM predictions excluding (including) LD contributions are also listed in the third (last) column of Tab. 1. The input parameters varied randomly within 1σ variance will be used in this work.
RPV MSSM effects
First, we will consider the RPV effects and further constrain the relevant RPV couplings from relevant experimental data. As given in Sec. 2, there is only one RPV coupling productλ (λ CL, which is shown in Fig. 1 and will be used to study the RPV effects in D second column of Tab. 1 do not give any further constraints on relevant RPV couplings. Now we will use the constrained RPV coupling space from K + → π + νν decay at 99.7%
CL shown in Fig. 1 to explore the RPV coupling effects in 
the NP affected SD contribution could reduce the direct CP violations more than one order of magnitude.
Furthermore, the constrained RPV coupling effects on the differential direct CP violations . Nevertheless, the enhancements of the RPV contributions are still totally over the LD contributions in three δ φ cases.
RPC MSSM effects
Now we turn to the gluino-mediated MSSM effects in D The LR MI effects on B(D 
in Fig. 8 (a-d) , the differential branching ratios could be slightly affected by the constrained LR MI. From Fig. 8 
decays.
Moreover, the ratios of decay branching ratios of D 
Summary
In this work we have performed a brief study of the RPV coupling effects and the RPC MI effects in the MSSM from D
Considering the theoretical uncertainties and using the strong constraints on relevant super- 
